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relation between infarct size and percent wall thickening (r = -0.49, P ~
0.07). However, the relation between infarct size and size of perfusion de-
fect on MCE was good (r = 0.82, P < 0.01). When no coronary stenosis
was present, a close inverse relation between infarct size and percent wall
thickening was observed in the presence of 15 JLg/kg/min of dobutamine (r
= -0.92, P < 0.01). In the presence of a critical stenosis, however, when 15
JLg/kg/min of dobutamine was infused, although the relation between infarct
size and perfusion defect on MCE remained good (r = 0.80, P < 0.01), that
between infarct size and wall thickening deteriorated significantly (r = 0.22,
P = 0.49).
We conclude that both contractile and microvascular reserve provide an
excellent assessment of the extent of myocardial viability after reperfusion
as long as there is no residual coronary stenosis. In the presence of a residual
critical coronary stenosis, whereas contractile reserve may be exhausted, the
spatial extent of perfusion abnormality still predicts the extent of myocardial
salvage.
Mario F. Meza, Marc A. Kates, Susan Revall' R. Wayne Barbee, Joseph P. Murgo,
Jorge Cheirif. Ochsner Medical Institutions, New Orleans, LA
Myocardial contrast echocardiography (MCE) has been used to demonstrate
regional perfusion abnormalities (RPA) in the presence of coronary occlu-
sions, severe coronary stenosis, and myocardial infarctions (MI). We have
observed such abnormalities following the release of a temporary occlusion
in the absence of MI. To further define this, we studied 54 open-chest dogs.
Temporary coronary occlusions were performed (Group A = 15 minutes;
Group B = 30 to 360 minutes), followed by release of the occlusions and
by the administration of dobutamine IV (10 JLglkg/min). Myocardial contrast
echocardiography was performed with aortic root injections of sonicated al-
bumin (Albunex®) during occlusion and following reperfusion with and with-
out dobutamine. Postmortem TIC staining (+ stain = viable myocardiuml
was used to determine the presence/absence of MI. Resu/ts: All Group A
dogs (n = 14) showed no evidence of MI. In Group B (n = 40), 14 dogs
showed no evidence of MI, whereas the other 26 did (12 papillary muscle,
7 subendocardial, and 7 transmural). The presence of RPA in all groups is
Flordeliza S. Villanueva, Martin C. Fallon, Prudencio C. Lucero. University of
Pittsburgh, Pittsburgh, PA
Myocardial contrast echocardiography (MCE) in the presence of pharmaco-
logic vasodilation and a fully patent infarct-related artery has been used to
assess myocardial infarct (MI) size during acute post-ischemic reperfusion.
Because a stenosis (STN) affects reperfusion dynamics, we hypothesized
that the degree of residual infarct artery STN affects MCE measures of my-
ocardial viability. Accordingly, 7 open chest dogs were studied. A flow probe,
snare, and variable occluder were placed around the left circumflex artery
(LCX), which was then occluded for 3 hr, followed by reflow. MCE imag-
ing with albumin microbubbles commenced before and during iv adenosine
(ADN) (0.3 mglkg/min) at each of 3 LCX patency states during reflow: fully
patent, moderate, and severe non-flow-limiting STN. MCE images were dig-
itally processed, and MI was delineated with triphenyl tetrazolium chloride
(TIC)
TIC-determined MI size was 18 ± 7% of the short-axis slice. WithoutADN,
MCE defects were smallest with no STN (11 ± 7%, P < 0.01 vs. any STN).
intermediate with moderate STN (18 ± 8%1, largest with severe STN (19
± 10%), and most closely approximated MI size when a residual STN was
present. With addition of ADN, progressively larger MCE defects occurred,
starting with no STN (20 ± 10%), moderate STN (28 ± 10%) and severe STN
(36 ± 13%, P < 0.05). With ADN, MCE defects overestimated and were un-
related to MI size in the presence of a severe STN (r = 0.39). slightly overes-
timated MI with a moderate STN (y = x + 8.02, P < 0.05), and best predicted
MI when no residual STN was present (y = x + 0.65, p < 0.01).
In conclusion, MCE without pharmacologic vasodilation closely approxi-
mates MI size when a STN is present during reflow, because a STN atten-
uates physiologic post-ischemic hyperemia. However, MCE with pharmaco-
logic vasodilation during reflow through a STN overestimates MI in propor-
tion to the degree of STN, since microvascular reserve in the entire risk bed
is impaired. Thus, whereas MCE closely predicts MI size during pharmaco-
logic vasodilation when the infarct artery is fully patent, if the infarct artery
is stenotic, MCE best predicts MI size in the absence of pharmacologic va-
sodilation, particularly if the STN is severe.
Cyclic Variation in Myocardial Grey Level as a
Marker of Viability in Man - a
Videodensltometric Study
shown below:
Occlusion Reperfusion Reperfusion+
Dobutamine
Group A 13114 2/14 2114
Group B 35140 17/39 20/39
• No MI 11114 7/13 8/13
• Papillary MI 10112 3112 5/12
• Subendocardial MI 7f7 3/7 3/7
• Transmural Ml 717 4/7 4/7
Coronary Flow Velocity Immediately After
Successful Direct Coronary Angioplasty Predicts
Recovery of Regional Wall Motion in Acute
Myocardial Infarction
Tetuzo Wakatsuki, Masato Nakamura, Taro Tsunoda, Katsuto Ui, Toshlyuki Degawa,
Tetsu Yamaguchi. Ohashi Hospital, Toho University. Tokyo, Japan
RWM (SDlchord) Normal DSVR Low DSVR p-value
(n = 15) (n = 7)
on admission -30 ± 0.7 -25 ± 0.5 NS
at discharge -2.0 ± 1.0 -2.0 ± 0.6 NS
LlRWM 1.0 ± 0.4 05 ± 0.4 <0.05
EF(%}
on admission 48± 13 53 ± 6 NS
at discharge 62 ± 11 52 ± 10 NS
LIEF 14±6 -1 ±9 <0.05
To predict the recovery of left ventricular regional wall motion after success-
ful direct angioplasty in acute myocardial infarction, we measured coronary
flow velocity variables using Doppler guidewire (FloWire) immediately after
reperfusion in 22 patients (pts) (14LAD, 8RCA) and compared them with left
ventriculographic indices. Average peak velocity (cm/sec; mean ± SD) was
17.6 ± 8.0, average diastolic peak velocity (em/sec; mean ± SD) was 21.7
± 10.6 and diastolic systolic velocity ratio (DSVR) was 2.1 ± 1.0. Patients
were divided into 2 groups based on DSVR (normal DSVR: LAD> 1.7, RCA
> 1.4). There were no significant differences between 2 groups in peak CPK,
elapsed time and collateral flow grade. Left ventricular ejection fraction (EF)
and regional wall motion (RWM) by left ventriculogram on admission and
at discharge were compared between normal DSVR group (n = 15; 10LAD,
5RCA) and low DSVR group (n = 7; 4LAD, 3RCA).
In conclusion, the presence of a RPA following the release of coronary
occlusions most likely indicates abnormal coronary reserve rather than the
presence of myocardial necrosis.
Conclusions; Measurements of coronary flow velocity immediately after
direct coronary angioplasty predict the recovery of regional and global left
ventricular function in pts with acute myocardial infarction.
Cecilia Marini, Albert Varga, Alessandro Pingitore, Marco Paterni, Stefano Bosi,
Paolo Marzullo, Assuero Giorgetti, Eugenio Picano. CNR, Institute of Clinical
Physiology, Pisa, Italy
Experimental and clinical studies have shown that a preserved cyclic
(diastolic-to-systolicl echoreflectivity variation, assessed by radiofrequency
sampling of backscatter signal with non commercially available prototypes,
identifies viability in a myocardial segment with a resting dyssynergy. Aim
of this study was to assess whether a videodensitometric analysis of my-
ocardial gray level variation during cardiac cycle might identify viable but
dyssynergic myocardium in a clinical setting. Thirty-four patients with a rest-
ing dyssynergy (akinesis in 26, marked hypokinesis in 8 patients) in the sep-
tum andlor infero-posterior wall were evaluated by videodensitometry. All
echo studies were performed with commercially available instruments in the
long axis parasternal view, with quantitative analysis of gray levels performed
off-line on digitized images. Segmental wall motion was assessed with a 16
segment model of the left ventricle, each scored from 1, normal, to 4, dysk-
inetic. A follow-up echo study was obtained in all patients >4 weeks after
successful revascularization (achieved with angioplasty in 22, with bypass
surgery in 12). Two groups of segments were identified: 18 "viable" seg-
ments (contractile improvement of 1 grade or more in resting function after
revascularization); 16 "necrotic" segments (no contractile improvement in
resting function after revascularization). The % cyclic variation was higher in
"viable" vs "necrotic" segments (26 ± 16 vs 1 ± 13%, P < 0.01), in spite of
similar % systolic thickening (5 ± 5 vs 4 ± 6%, P = ns) and end-diastolic
thickness (10 ± 2 vs 10 ± 2 mm, p = ns). When individual patient analy-
sis was performed, % cyclic variation was below the 95% confidence limits
obtained from normal control regions (n ~ 34; % cyclic variation = 38 ±
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Effect of Residual Infarct Artery Stenosis on Flow
Reserve After Reperfusion: Implications for
Assessing Myocardial Viability Using Myocardial
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Myocardial Contrast Echocardiography: What is
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Cellular Mechanisms for Alpha1-adrenoceptor-
mediated Cardioprotection: Role of Protein
Kinase C and Ecto-5'-Nucleotidase in Ischemic
Preconditioning
PRE-G
22 ± 3
15 ± 3*
26 ± 2
The Antiarrhythmic Effect of Ischemic
Preconditioning is not Mediated by Myocardial
Glycogen Depletion
Patrick H. McNulty, Ailsa Darling, Jennifer A. Valenti. Yale University School of
Medicine, New Haven, CT
*p < 0,05 V$. other groups
CON
IP
GI+IP
Thus IP rats had lower myocardial [G] prior to the 6-min coronary occlusion
than CON rats, consequently consumed less G during the occlusion, and had
a lower incidence of VT or VF on reperfusion. GI + IP rats were equally pro-
tected from arrhythmias however, despite pre-ischemic [G). and ischemic
G-consumption, similar to CON rats. We conclude that neither the [G] of the
myocardium prior to ischemia, nor the quantity of G consumed during is-
chemia, influence the incidence of reperfusion arrhythmias. This suggests
the antiarrhythmic protection conferred by IP is not mediated by myocardial
G depletion.
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Ischemic Preconditioning/Imaging
Koichi Node, Masafumi Kitakaze, Tetsuo Minamino, Kazuo Komamura,
Mitsuaki Chujo, Hidezo Mori, Michihiko Tada, Michitoshi Inoue, Masatsugu Hori,
Takenobu Kamada. The First Dept. of Med., Osaka Univ., Osaka, Physiol Dept., Tokai
Univ., Isehara, Japan
It is reported that alpha1-adrenoceptor stimulation triggers the infarct size
(IS)-limiting effect of ischemic preconditioning, however, its cellular mecha-
nism is unknown. We tested the hypothesis that activation of protein kinase
C (PKC) is responsible for the IS-limiting effect due to alpha1-adrenoceptor
activation. In 33 open chest dogs, methoxamine (40 /lg/kg/min) was admin-
istered for 4 times of 5 min into the left anterior descending coronary artery
with and without GF109203X, an inhibitor of PKC. IS due to 90 min of is-
chemia followed by 6 hrs of reperfusion in the methoxamine group was
smaller than the control (IS:5 ± 3 vs 39 ± 7%, p < 0.01). The IS-limiting
effect of methoxamine was blunted by GF109203X (IS:43 ± 3%). Methox-
amine increased the activity of PKC by 213 ± 23%, and ecto-5'-nucleotidase
which converts 5'-AM P to adenosine by 78 ± 11 %. Activation of PKC and
ecto-5'-nucleotidase were attenuated by GF109203X. The IS-limiting effect
of methoxamine was blunted by AOPCP. an inhibitor of ecto-5'-nucleotidase
liS :37 ± 4%). Furthermore, IS-limiting effect due to 4 times 5 min of transient
coronary occlusion was blunted by GF1 09203X and AOPCF' Thus, we con-
clude that activation of PKC due to alpha1-adrenoceptor stimulation limits
infarct size through activation of ecto-5'-nucleotidase in ischemic precondi-
tioning.
Reperfusion arrhythmias, a major cause of morbidity and mortality, can be
prevented experimentally by preconditioning the heart with ischemia ("is-
chemic preconditioning" (IP)). While the mechanism responsible for this an-
tiarrhythmic effect is unknown, a leading hypothesis is that IP depletes my-
ocardial glycogen (G), thus limiting anaerobic glycolysis and lactic acidosis
during subsequent ischemia. To test this hypothesis, we compared the inci-
dence of sustained (>30 sec) VT or VF during reperfusion in 3 groups of
rats (n = 9 each) subjected to a 6-min left coronary occlusion. A control
group ICON) received no pretreatment; a preconditioned group (IP) under-
went three 2-min coronary occlusions at 5-min intervals prior to the 6-min
occlusion; and a third group IGI + IP) received a 40-min infusion of glucose
and insulin, to "load" the heart with G, prior to IF' Additional rats were used
to determine the (G] (/lmol!g) of the anterior myocardium just before (PRE-G)
and just after (POST-G) the 6-min left coronary occlusion, and their difference
(G-consumed).
Results:
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Ultrasound Biopsy: A Novel Technique for
Nondestructive Intracardiac Tissue
Characterization
14) in 2 out of 18 viable and in 14 out of 16 necrotic segments. A cut-off
:::9.4% cyclic variation in a dyssynergic segment yielded a 89% sensitivity
and a 88% specificity for predicting functional recovery following successful
revascularization.
In conclusion, viable dyssynergic myocardial segments show a cyclic
gray level variation at rest, which can be detected by simple videodensit-
ometric analysis, much less technologically demanding than radiofrequency
backscatter evaluation.
Glenn E. Davison, Gregory M. Lanza, Donald H. Christy, Michael J. Scott, James
G. Miller, Samuel A. Wickline. Washington University, Sf Louis. MO
We have previously demonstrated that ultrasonic tissue characterization with
transthoracic imaging can differentiate between normal and infarcted my-
ocardium. To determine whether intracardiac echocardiography differenti-
ates normal myocardial tissue from fibrous scar, we used a 12 MHz intravas-
cular ultrasound catheter to study myocardial infarction in 4 Yorkshire pigs
3 months after distal left anterior descending coronary artery occlusion. All
hearts were imaged with identical TGC and gain settings. Ten frames were
analyzed for each heart with the use of videodensitometry. Average gray
scale pixel intensity was computed off-line for normal and infarct regions of
interest after digitization of the ten image frames. Normal regions adjacent to
infarct were selected for comparison in the same circumferential TGC field.
Mason-Trichrome stain was used to corroborate the location of infarct tissue
in histologic sections for comparison with intracardiac echocardiography. In
general, greater backscatter was observed from infarcts than from normal
tissue. The mean pixel value (signal intensity) for infarct tissue sUbstantially
exceeded that for normal myocardium (224 ± 11* and 147 ± 5 for infarct
vs. normal, respectively; p < 0.001). Similarly, the collagen content of infarct
tissue (218 ± 84 mglg LV) markedly exceeded that of normal myocardium
(36.6 ± 2.5 mglg LV). Thus, quantitative estimation of the scattering behav-
ior of normal and pathologic myocardial tissue is feasible with intracardiac
echocardiography, which holds promise for clinical delineation of infarct re-
gions during cardiac catheterization.
Detection of Experimental and Clinical Myocardial
Infarction by High Frequency Ultrasound
P. Anthony N. Chandraratna, Peter Whittaker, Robert A. Kloner, Joie P. Jones,
Jacqueline Gallet. USC School of Medicine, Los Angeles, CA
To determine whether myocardial changes in acute myocardial infarction are
detectable by high frequency ultrasound imaging, the left anterior descend-
ing coronary artery of 10 rats was ligated and 1 rat was sacrificed after 1 day
and 3 rats were sacrificed after 2 days, 3 rats after 3 days and 3 rats after
4 days. Two rats served as sham operated controls. Unstained, 5 /lm sec-
tions of rat hearts were placed on a glass slide and imaged with a 600 MHz
transducer. In addition, sections of myocardium obtained at autopsy from 1
pt with acute myocardial infarction were also imaged. A serial section from
each of the hearts was imaged by light microscopy.
Results: Ultrasound images of control rats and 1 day myocardial infarc-
tion showed cardiac myocytes arranged in long axis both in the anterior wall
and septum. The anterior wall in the 2 day, 3 day and 4 day infarcts showed
cell loss in the subendocardium and subepicardium and discrete rounded
echo dense particles which corresponded to inflammatory cell infiltration on
light microscopy. Between these areas were hypoechoic myocytes which
corresponded to coagulation necrosis on histology. The septum (control re-
gion) showed normal myocytes. In acute myocardial infarction in man, cell
necrosis and cellular infiltration was noted in the infarcted region. Thrombi in
intramyocardial arterioles were seen. The changes were confirmed by light
microscopy.
Conclusion: High frequency ultrasound imaging depicted characteristic
changes in acute myocardial infarction. Further development of this tech-
nique for possible IN VIVO evaluation of myocardial ischemia and differenti-
ation of infarcted from viable myocardium appears warranted.
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